Although much has been written separately about the direct toxicity of fossil fuel burning emissions and the broad effects of climate change on health \[see, e.g., the recent series in *Lancet* on energy and health (e.g., [@b62-ehp0116-000987])\], rarely are they viewed together with a focus on the very young as a susceptible population. In this commentary I highlight evidence that young children are likely to be at elevated risk of multiple immediate and long-term effects of emissions from fossil fuel combustion.

Children at Risk from the Toxic and Carcinogenic Effects of Air Pollution from Fossil Fuel Combustion
=====================================================================================================

As environmental health scientists, we have seen the direct damage inflicted on children in the United States and worldwide by our society's addiction to fossil fuel. Fine particles, polycyclic aromatic hydrocarbons (PAHs), sulfur and nitrogen oxides, benzene and mercury emitted by coal-burning power plants, and diesel and gasoline-powered vehicles have been variously linked to infant mortality, lower birth weight, deficits in lung function, respiratory symptoms, childhood asthma, developmental disorders, and cancer ([@b12-ehp0116-000987]; [@b23-ehp0116-000987]; [@b25-ehp0116-000987]; [@b26-ehp0116-000987]; [@b38-ehp0116-000987]; [@b45-ehp0116-000987]; [@b53-ehp0116-000987]; [@b66-ehp0116-000987]). The many observed adverse effects are not surprising, given the diversity of fossil fuel combustion products ([@b10-ehp0116-000987]); moreover, the same pollutant can exert multiple toxic effects. For example, *in utero* exposure to PAHs as a result of mothers breathing polluted air during pregnancy has been associated with lower birth weight, reduced birth head circumference, preterm birth, and small size for gestational age ([@b17-ehp0116-000987], [@b18-ehp0116-000987]; [@b44-ehp0116-000987]; [@b53-ehp0116-000987]). The same air pollutants have also been linked to developmental delay in U.S. and Chinese children ([@b45-ehp0116-000987]; [@b58-ehp0116-000987]). Air pollution is not only an established trigger of asthma in children; but there is evidence that prenatal exposure to PAHs may be an early risk factor for the development of asthma ([@b38-ehp0116-000987]). There is also a suggested link between PAHs and cancer ([@b13-ehp0116-000987]).

These health effects represent a major societal and public health burden. A significant proportion of U.S. children 6--17 years of age are reported to have developmental problems including learning disabilities (11.5%), attention-deficit/hyperactivity disorder (8.8%), and behavioral problems (6.3%) ([@b11-ehp0116-000987]). Asthma affects as many as 25% of children in certain inner-city communities in the United States ([@b40-ehp0116-000987]), and the prevalence of asthma has increased throughout the developed world over the past 30 years ([@b9-ehp0116-000987]; [@b39-ehp0116-000987]). Approximately 10,400 U.S. children under the age of 15 years were diagnosed with cancer in 2007 ([@b4-ehp0116-000987]). Although data are lacking on attributable risk of specific pollutants and relationships between trends in pollution and rates of disease, air pollutants such as lead and mercury are known to contribute to the burden of neurobehavioral disorders ([@b16-ehp0116-000987]; [@b34-ehp0116-000987]; [@b55-ehp0116-000987]), and fine particles, ozone, diesel emissions, and PAHs are known or suspected contributors to childhood asthma ([@b20-ehp0116-000987]; [@b56-ehp0116-000987]).

Insults sustained early in development can have lifelong consequences. Some adult diseases can be launched *in utero* or in childhood. For example, exposure to air pollution in childhood may result in a reduction in lung function and ultimately to increased risk of chronic respiratory illness ([@b24-ehp0116-000987]; [@b50-ehp0116-000987]) and greater susceptibility to cardiovascular disease in adulthood ([@b50-ehp0116-000987]). Similarly, several studies have indicated that genetic damage in the form of DNA adducts or chromosomal abnormalities can be acquired *in utero* as a result of air pollution exposure ([@b13-ehp0116-000987]; [@b41-ehp0116-000987]). Such types of genetic damage have been associated in prospective studies with increased risk of cancer and are considered biomarkers of increased cancer risk ([@b14-ehp0116-000987]; [@b28-ehp0116-000987], [@b27-ehp0116-000987]; [@b57-ehp0116-000987]).

Epigenetic effects of developmental exposure to air pollutants have been less well studied. However, exposure to PAHs has been associated with epigenetic effects experimentally ([@b49-ehp0116-000987]; [@b52-ehp0116-000987]; [@b60-ehp0116-000987]; [@b63-ehp0116-000987]; [@b64-ehp0116-000987]), and prenatal exposure to PAHs in humans was shown to alter methylation status of a number of genes with known or suspected roles in asthma development ([@b47-ehp0116-000987]). In addition, experimental studies, in some cases supported by human evidence, have demonstrated that epigenetic dysregulation resulting from *in utero* environmental exposures can lead to reproductive disorders and adult onset diseases such as cancer ([@b1-ehp0116-000987]; [@b7-ehp0116-000987]; [@b19-ehp0116-000987]; [@b22-ehp0116-000987]; [@b30-ehp0116-000987]).

A recent report from the American Lung Association noted that, although ozone levels have decreased in the United States since 2002, particle pollution has increased over that period, and coal-fired power plants are responsible for much of the increase in particle pollution in the eastern United States ([@b5-ehp0116-000987]). The authors estimated that nearly half of the U.S. population (136 million) lives in counties that have unhealthful levels of either ozone (including 25 million children) or particle pollution (including 14 million children).

Children at Risk from the Effects of Global Warming Due to Carbon Dioxide from Fossil Fuel Combustion
=====================================================================================================

Children are also particularly vulnerable to the effects of global warming ([@b15-ehp0116-000987]; [@b50-ehp0116-000987]). Anthropogenic carbon dioxide from fossil fuel burning is the most important climate-altering greenhouse gas (GHG) \[[@b33-ehp0116-000987]\]. Fossil fuel use has been the primary source of CO~2~ concentrations since the preindustrial period ([@b33-ehp0116-000987]). In the United States, energy-related activities account for three-quarters of human-generated GHG emissions, mostly in the form of CO~2~ emissions from burning fossil fuels \[[@b59-ehp0116-000987]\]. More than half the energy-related emissions come from large stationary sources such as power plants, while about a third (in the United States) comes from transportation ([@b59-ehp0116-000987]). In contrast, the livestock activities sector is responsible for approximately 18% of total anthropogenic GHG emissions measured in CO~2~ equivalent ([@b54-ehp0116-000987]). The average temperature of the earth is predicted to rise by 2--4°C (3.1--7.2°F) in this century ([@b33-ehp0116-000987]). A temperature increase of this magnitude will bring more heat waves, flooding of coastal areas, famine, and forced migration ([@b15-ehp0116-000987]; [@b29-ehp0116-000987]; [@b32-ehp0116-000987]; [@b50-ehp0116-000987]). As a result of these changes, children are more at risk of heat stroke, drowning, malnutrition, diarrhea, allergies, infectious disease such as malaria and encephalitis, and psychological trauma ([@b15-ehp0116-000987]; [@b29-ehp0116-000987]; [@b32-ehp0116-000987]; [@b50-ehp0116-000987]).

Global warming also compounds the direct toxicity of fossil-fuel pollutants such as ozone, an important trigger of childhood asthma ([@b10-ehp0116-000987]). Ozone formation from volatile organic chemicals and nitrogen dioxide is accelerated at higher temperatures ([@b10-ehp0116-000987]). Another consequence of a warmer climate is increased plant growth and pollen production, and thus higher levels of natural allergens leading to more allergy and asthma in children ([@b15-ehp0116-000987]).

Heightened Vulnerability of the Fetus and Child: Poverty and Racism as Compounding Factors
==========================================================================================

The fetus and child are especially susceptible to air pollution and many other environmental contaminants because of their rapid development and immature defense systems; thus, they may be affected by levels of exposure that have no apparent effects in adults ([@b8-ehp0116-000987]; [@b21-ehp0116-000987]; [@b25-ehp0116-000987]; [@b43-ehp0116-000987], [@b42-ehp0116-000987]). For example, several studies have demonstrated the heightened susceptibility of the fetus to genetic damage in the form of carcinogen--DNA adducts (specifically PAH--DNA adducts) measured in white blood cells ([@b46-ehp0116-000987]). Comparison of levels of adducts in paired maternal and umbilical cord white blood cells has found that, despite the estimated 10-fold lower PAH exposure of the fetus compared with the mother, the levels of PAH--DNA adducts were comparable ([@b46-ehp0116-000987]). Moreover, although adolescence and old age are also periods of susceptibility to epigenetic reprogramming ([@b19-ehp0116-000987]), the epigenome is particularly susceptible to dysregulation from environmental factors during embryogenesis, when the elaborate DNA methylation patterning and chromatin structure required for normal tissue development are established ([@b19-ehp0116-000987]). Considering both their inherent biologic susceptibility and their long future lifetimes over which early insults can be manifest as chronic disease or cognitive impairment, the fetus and young child can be considered especially vulnerable and at risk of the multiple, cumulative, and long-term health effects of air pollution.

Poverty and racism compound the susceptibility of the fetus and child. Poor children, especially those in urban areas and developing countries, are most at risk, because the effects of toxic exposures are magnified by inadequate nutrition and psychosocial stress due to poverty or racism ([@b65-ehp0116-000987]). The shocking inequalities that now exist in children's health within and between countries ([@b35-ehp0116-000987]; [@b36-ehp0116-000987]; [@b61-ehp0116-000987]) will be exacerbated by global warming. The World Health Organization estimates that one-third of the global burden of disease is caused by environmental factors and that children \< 5 years of age already bear \> 40% of that burden, even though they represent only 10% of the world's population ([@b48-ehp0116-000987]). That inequality will only get worse. Finally, perpetuation of fossil fuel burning violates the principle of intergenerational equity that no significant environmental burden should be inherited by future generations ([@b67-ehp0116-000987]).

Although more has been written about the heightened susceptibility of the fetus and child to toxic exposures, children also are likely to be especially susceptible to dehydration and heat stroke, malnutrition, diarrhea, allergies, malaria and encephalitis, and psychological trauma ([@b15-ehp0116-000987]; [@b2-ehp0116-000987]; [@b29-ehp0116-000987]; [@b50-ehp0116-000987], [@b51-ehp0116-000987]). The American Academy of Pediatrics Committee on Environmental Health noted: "Children represent a particularly vulnerable group that is likely to suffer disproportionately from both direct and indirect adverse health effects of climate change" ([@b2-ehp0116-000987]). For example, infants and young children are a high-risk group for heat-related deaths and hospitalizations, along with the elderly ([@b6-ehp0116-000987]). Children spend more time outdoors, particularly playing sports, which puts them at increased risk of heat stroke and heat exhaustion, as well as ultraviolet radiation--related basal cell carcinoma and malignant melanoma ([@b3-ehp0116-000987]). Because they lack specific immunity, children also experience disproportionately high levels of both morbidity and mortality from malaria; 75% of malaria deaths occur in children \< 5 years of age. The young are also more susceptible to cerebral malaria, which can lead to lifelong neurologic damage in those who survive ([@b51-ehp0116-000987]). Once again, health and psychological damage occurring early in life can play out over the lifetime, manifesting as adult chronic disease or impairment.

Solutions Exist
===============

The most recent IPCC concluded that significant progress toward stabilizing or reducing global warming emissions can be achieved at relatively low cost using known technologies and practices currently available ([@b33-ehp0116-000987]). A recent McKinsey report concluded that the United States could reduce GHG emissions in 2030 by 3.0--4.5 gigatons of CO~2~ equivalents using tested approaches and high-potential emerging technologies. The report stated: "Our research suggests that the net cost of achieving these levels of GHG abatement could be quite low on a societal basis" ([@b37-ehp0116-000987]).

These reports indicate that the cost of acting now to make power generation, transport, buildings, and appliances more efficient and to invest in alternative fuels and technologies would be minimal compared with the cost of doing nothing. The benefits of reducing air pollution and global warming would offset a substantial fraction of mitigation costs. These benefits include the individual and societal benefits of health and security extending multigenerationally and the monetary savings from fewer cases of children with asthma, developmental delay, cancer, heat stroke, drowning, malnutrition, diarrhea, allergies, and infectious disease.

Conclusion
==========

Summarizing the recent series of articles in *Lancet*, Richard Horton notes that "Policies to improve access to affordable clean energy should be pro-poor," and that "Policies to reduce the progress and impact of climate change should explicitly aim to maximise health benefits and minimise health risks" ([@b31-ehp0116-000987]). Based on the present review, environmental and energy policies must also explicitly account for *all* the impacts of fossil fuel combustion on child health and development and maximize the health benefits to this susceptible population. Our addiction can be cured. We do not have to leave our children a double legacy of ill health and ecologic disaster.
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